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F'ROBLEM ST_TEHEI _T

ASSIGNHENT: The pPoblern is. to ,:lesi,_r, a 1G-meter l,jn._r, dr

capable of ta.k:in 9 a. cope s.arnple.

BACKGROUND: Cope dr. i ll n9 pro,..,ides a geological s.amp]e o

undergPound Pock: format ons, B>" an_alizing the cope sample, the

best s. i tes for. cons. tPuctic, rJ of mining can I:,e detePmined.

Althc, ugh cope dPilling has. been commc, nlz pr..__cticed with little

difficult>' on eaPth for. numer, ou_ years, the lunar, er, viPonment

presents, pr. oblems, that cc, nventional coPe dP l ls cannot handle.

PERFORHANCE OBJECTIVES: Aside fr. om the ol:,v ous nece=_.s, i t.," of

designi ng a dr.i] ] to over. corne the en,..,iPonmenta] cor_.s, tPaints of

th.e moon, the pr. opos.ed dri ] ] must be:

1) able t,:, dPi11 up, to ten metePs deep,

2) able to take cope samples..

,:,::, ca.pat-,l_ of drllling at an angle up to :3(_ degree-.

4::, ._=e] f-op, er at ir,,3:4., or, ce placed It, the de=ired dr i ] 1 ;r,_} loc_t : :: .

5) r-el iab_e a.nd m._int._.in__.ble, u.-.ir,# triea arid pr,:,:..er_ t_,-zhr,,: _ .

6) a._ light a'_= p,c,s:_.ib]e to redu,-e tn.Br_sl::,ortatior_ cost.

7::, ._._ cornp, act s- r-,ossib]e to rns_e trans.por, t.).tior_ ea=..ier,

CON:_::TR_!r.JT:-, : Thr-ee aspe,: ts o4 the ]unar en,., i ronmen t , pr e__en t 4r.r,

de._=.i gn pr.,:,i-,] erhE nc, t er_c:,L,_f_r ed c,n e_,r.t_; , a.r e ,_-I;.ECU--.=e,__ [.._ _ C,,'_.
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1 ) The temperature on the moon v=r-ie:_ betu._een -173 degree-

Cel ius (-27'.=' Fahr.enheit) at night to 127 degr. ees Cel us (2.51

F_hr-enl-,ei t) . Sir, ce i t would be ,..,it tb__l ]::. impossible to de-sigr.

dr.i ll that i _- c,per-_.hte at both temper _ture e:::tremes p.._.r ticu]sr.t ...

tr_e e:tr. erne cold>, the time to do the dril]in9 needs to he

•=.p,ecified and the e:..::trerr_es taker, into cor_sider__ti,:,n.

2) The lunar- 9r_a,.._it/ i_-• a_',OUt one-s.i::'th thst orb ear_th,

C:ons.equentl>._ ar, anchor, ing for the dr.i 1 1 is. ar, otl-,er mpor. tant

cons. ideratior_. The dr-illing rig mu.-.t he anchor, ed fir.rnl>- to

pr-e,.,ent the equal and opposite reaction of the dr. f11'_., down_,Jard

force from 1 i ft ing the rig.

:3::, Since the moor, has no atmosphere, there s no atrr_ospher i,-

pr. es._.ur-e--a ,.*acuum, This pr. esents, pr-obtems lubr caring, cool ir_9,

and r. emo,,.,irfg cuttir_9.= because no } iquids can be used for these

I:,ur. pos.es as done on earth. For ]ubr. icating, a _.ol id ]ubr icant or

a coating mu_.t be considered, Fc, r cooling, heat gerber, at ,_-,r, due

to friction s.hou]d he kept to a minimum and a deep-_p,3.ce r._.,-_i._tor
c

_ _Jc,-,r,._= _oer_,_ .___ at, at ter-n.__.t i,,.,e t,-, ,-or,_t J,-,n, T,-, rem=:ve cu t ;T{.--,
r

-n a,_.[4er-in:_ ._-->s.te,'r_ _....,1 i need to. he de,,ised.
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Er..JGINrl-jEI_:I NL--; F:OtIJ:BTRA I t_TS lqF THE MOOL;

T h e rno o r, i s. 3 r, e a.r I > s.p h e r i c a I s h ._1:'e d I:' 1 3 r, e t .,, i t h a r. 3 ,::::1i us

of 10:-:El miles.. It hs--, s ,._er.;_. lou., rne.__n densit.. of 3:.:_--',4 grams

per cut-,it centerrneter, and has. little of no cope. Because of

thes.e ¢ondi t ions. the rr,oor, I-tas. a grs'-'i t>' 1.'6 of the ear tt-_ and

has. no atrnos.phere, t,.li th no atmos.pl-,ere a] l r.a.diati,-,n from th_

sun reaches the moon. The temperatur, e uar i es. fr. om

degr-es.s cels. ius. in the dax to -17._--'. degress ir, the night

shade. The temperature of the r.,zck, be l z,,.,,, the surface

- . _ e 1 =. : T h e ,-,r, nr _-I at i,..,ely con.=.f._r,t at -4:--: de gr- .=.=.-. ,z _ u_., rn__

t h o u s _.r_d -s. o nc m i r_o r- q u _._.ie s. e 8 c h >-e a r- p l u "El a C r, n t

I-,c,mb a r. drn e n t o f m i c r. o s.r. o p i c t o 1 _ r. Q# rne t e r. o d s.-' _ - |

The cornponer_f_ of lunar rock: ar.e a.-. fol lot.,..,s:

0 r

lq___=

r_uz,I

C orn p o n e r, t

£;il icon Dioxide (SIC'.2)

It-on 0 i,_-te (FeO>

Ti t._.niurr, E:,io:. ide ,:TICI2

_t urr, i r, um 0::.: i ,:::Ie (A1 2C!:_;.:'

C.3]ciurn O::ide ,:C:.._O.,

bl._gr, es. ium Oxide (t.lgO

The_.e cc, rnpor_er_ts are di,.,

C3. _..SO,Dr ; eel :

F'er.c e n t

J?

11

IO

18

:E;, 5

deal into the #o1 ] c,t.,.._r,9 rock
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1. Basatt - A fine grained ,,,e_ic,j]ar cr:,'sta]l _ne, igneous

r oc k: ,

2. Ar, or. tho-_i te - C:o,Jrs.e gr.a. ir, ed c::..>'s, ta.l 1 ine ignec, u- = r-ock:.

3. 8r. ecc a - C:ompos.ed of angular par. t cles of sur. face

material for.mad b::. meter, od irnp._ct .__n,-_,

s.ubsequer_tl>. compacted into a coherent r. oc_:

h::,. s.hock cornpression dur. ing crater ing.

4. Regol th -A mixture of cr.>'stall ine fragments and alas..-

particles, formed I-,:r repeated fragmer, tation

of the surface material b>" meteroite irnpact.

This. is. the top la::,-er cd: fine soil.

MATER IALS

The mater al for the lunar drill's, structure wa_.. CJ'ic, Eer_

under, the fol ] Ol.,.._ni r,g cr i ter i a arid a-==z.urnp t i ons.

_,-_,r_.- t r ._ ; n t _= in or-de r Of lmportar_,-e :

1 . The materiai must haYe a high s. trer_gth/v_e_gr_t ratio.

S _r_ce the coe t 04 tr ar__.p,-,r tat i ,:,r, to the mc, or_ i s the

rr,ajor cos. t o# the dr i ] 1 this con-tr._ir, t v.._a.s taken to

be mo._=t impor tar, t.

2. The m_ter iat rr,_:._:.t be able t,-, ,.,.blthst.__r,d the Corrc-i or.
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frc,m the pad atic, n of open sl:,__.ce. A pPotectiue la>-er

of .._. "paJr, t" cou]d be used to hel F, this.,

3, The mater, ia] must be re]._tive]>. eas> to produce and

m-_.nuf.Bcture r, the =_h__pe.- de- i red, The m_.ter i._] shoui d

be als.o eas>. to r. ep.__ir ,::s.uch as. u._eldin9 [:' in cas.e of

hreak:do_..,,m or fai lur. e.

4, The cost of r.es.e.__.rch and productior, of the rn.__terial

s.hould be kept as. l c,w as. poss hle.

The as.s.umptions are as follows:

1, Th._.t atl rau.J material and fin shed l:,roducts, are defect

free. This. could be deter.mined h::,. non-destructiue

methods such as. x-ra>'s..

2, That al 1 _.,.._elds. a.nd joint.-, l.,,_i 11 be defect fr-ee.

3. That the dr i 11 is. as.sembled and used in the corr. ect

m a n n e r-.

The mater, ial ci-,c,s.erJ for the

al um i r, um 7e75-T,_4. Th i s. al um i r, urr_

s.t r. uc tur.e _ rJ,::l c o,..,e r. i ng

i .s .__.1 I o >-e d u.._i f_h ._,=.._,=......, ,-,__.

z inc_ 2,5:'; of rr,agr, es.uirr,, I..=,'< of cc, pper. and C_.::;'.; ,:,f chr-c, rr, iurr,.

This a. lurr, ir, um a] 1o-," is s,:,lut c,r, he_t trested .__r,d then

_.r-t.ficj _] t:.." .._.ged, Thes.e rzc, r_d tic:n'_= __r,d proces-e- m_:e __-.

alurr, ir, urr, ._11c. that -=_ e:-:cept it, n_=: , . :- tr :-,2 fc.r its _.,.,_: _ _.

The , L1,'._,-, :. proper- t ieE ape s.urr_rner i :÷..d i n the t._.bl e be ] ou.._.

fs

E.,e n-_=.i t :,

Ne! t _r,,-d Ternper._tur. e

Sp, ec i 4i,- He.__t ,::.._t 1.?,0 C,

2 • ;'-: r_r _.rT! .' :z i_ c_rl

,:---:;E' ':
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,_ t 25 C > • _-°,g,.r_B I,' 'Eq _-rTi.-/C_i..../"I-;..."s _ r

II %

4E',,8 (_(_ p-

23, @(_C_ p-

150

Aluminum 7075-To also has g,-,od r.e._=istan.ze to cor. r-o.-:.ion.

If thi.=, al lo>" is therl anod zed or coated with some i:,rc, tectant

thi__ metal then become.-, even rnor. e resistant to conr-o_.ion,

7075-T6 ha =_ vet>" good creel:, r.e__i_.tant properties and k:eep_

mo.-.t o# its strength a.t temperatures approaching 308 C.

A ] u ITI J rJ (J ITJ

t"l_ t er

a] ter na t

in general, is quite e.__.-:., to I:::lrOduce an,. _ t,z, r. el:,air.

al a] ter-nat i ,..'e=" th._t t.,._ere cr, ns _dered _r.e i n the

.....e ._=ect ion o# thi._= repot t.

OF'ERATIOF.i IDF DRILL

L Ek.'E L ] ,LJr-i

To. dr. i 1 I .._.... er t i c _ i }7oi _ , the ,:Jr i l ; i ng r i g must be 1 e ÷

,:orr, pen_..__t _r,g 'For the i rregul._r i ties o4: the lung" sur.face, _--

_,C I: ':t_F' ] J_'k} thiE_ tt.'.._O 04: the teie-_cc, p;.: tr '.p,:,,S eg_= _.,_,:,_ji+.-!.'_ tend

the aF, prc,[_,r iete arnz, ur_t ur, ti! the ,Zr :i! !rig r i 9 .=_ le,..,el . -riTe
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"al:,propr ate arr,:,unt" eJould be indicated b> conventional bubb]e

/

]e,,.,e]__. v ewed b>. electron c e:,e_=., Once the rig i_-. ]e,..,e]ec., ._i ]

three ]eg_= uJc,u]d e_::tend _. mult_.neous]>, at the same rater =_topr_,in,__

a-_= ._=.oon as one o4: tl-,e ]egs i.=. _:ut ] ; e::.: tended. To dr i ] 1 at at,

ar_ql_ _ ,.up, to 3_1 degree.-> , fhi _=. =._rn_ pr,-,ce,:Jure ,.,,,,z,u]d t-,_ _:,-,1 ]o_.._e,__,

and ther, one leg wc, uld retr.._.ct ur, ti] the ri 9 r-e_.che=_ the des;red

dr i 1 ] i r, g angle,

ANCHOR I NG

Once the Dr i 1 1 ing r ig i__. le,.,el arid the telescopic legs

extended (and before tilting the rig to drill _t an angle),

anchoring rods (housed in e._.ch lou._er leg) u._c,uld automaticall>"

drill into the lunar. __.urface, After the=_.e anchors, are fully

extended, exl:,andir_g l-,ol ts would l-,e torqued do_,..,r_ through each

anchoring r.c,d, _.,.Jedging the three anchor.=, secur, e]> in place.

drilling is corrq:,lete, the re,..,erse procedure i=_. automatical!:r

_:ollou.ted so the Drill can be easil>, transported to the next

dr. ill ing site.

I..d h e rJ

TEHF'ERATURE

The terflperat_jre_ o_: the rhotr, r-- _..,.Jou]d I::,e rrron i for e,__ ID>

electronic ther.mometer._ mour, ted c,n their s De_--. If tr;e

temperature ot: a. me, tot ,.,,tare t,- become cr.i t ca.] , ever×tl-,in9 ,..,._c,,J!d

automaticall>" -:.hut dc,..._r, _:,z,r- cool ir, g. Once c,_---,l , drit] ing _..,:o._:'.d

re-_=.ume. The temper__.ture of the dr ill bit ._nd ._=.haft would re0,__ re

.at, ir, dir-e,-t meas,Jr.err_er_t =-.ince the:. rotate ar, d I..,.IOU]d tagg_e tF, e

r, ece.--.--.ar:_ _...._i re_..
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FEED R_TE

B:. klnot,..,irfg the feed r. ate it would be p,o.=..-ihle to use a

computer pr. ograrr, to app, roxim__.te the temperatur-e c,f the ,dr i l I _., t

and shaft. To determine a s.uitable pr. ogr. arn ,..,.,oulcl r. equir, e

detailed model ing and experimentatior_, which _..,.._eha,.,e neither the

tirne nor r. es.ources to do. Howe,...,er, the premise of such a

computer, pr. ogram would be th.__t the slower, the feed r. ate the

hotter the hit and s.haft. The teas.on being that a s. low feed rate

imp1 ies. that ]es.s ener. g>. is. diss. ipated to break r. ock _4h le mor. e

energ>" is. diss. ipated in the for.m of he.__.t. If the program

computed that the bit or. shaft were too hot, dr. illing would I-,e

temporar, i 1;," s.us.pended for cool ing. This. shou]d not occur- very

often since dr. il] ing is s.topped after e,Jer>. five feet to r.em,:,ve

the core s.arr, ple, which inherer, tl>. al lot.,.,s time for coo] inq. To

deter.mine the feed hate, the aluminum dr-J11 shaft ,,..,ou!d h.__,...,e

thin_ inlaid hand.=- of steel e,..,er-::.. 1..-"2'" A rr,agr, etic sensor alor, g

_x..lith a rhicr, oproce._.E.or . would I-,e able to count and compare the

number, of bands that go up, sr, d dot, lr_. E:::," rr,ultiplyir, g t_:.,c, t rues

their, difference (number do,.m - number ui:,) I::,::,- the s. tr i_ in 9 p_+.-

':.--:trokes. per. minute , the #eed r _.te 4_= !:c, tJnd it, r;che._= p,er

rl] i ,"]U _e .

'-:TP;KING RATE

S *,....r. ok_-._= per un t t Irr, e i =. def ine,::l .__s f. hr-_ s. tr k: ng r.__.te it.

this cas.e, i t is s imp:::, the number, of t imes p,er un t t,r'e th- t

the dc, E,.m-thrus. t ing ,....thee Is. engage..-d_s.en,i..._,_3e.
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The dc,_.,._n_.,,_ar-d ,,.,elocit>. of the dr. Jll hit at the time of frr_r_,__.ct

is. def ned a._-- the impact speed. It is. a functior, the do_.,._n-

thr. ust n 9 t.,..,heels" angu]a.r ,..,e]c, ci t::,. ar_,d the distar, ce the s.haft

descend.=.• Thus there are t,..,.Jo wa>'s to incre_.._=.e the Imp__,:t speed

,::and thus. the momentum)_ either incr. eas.e the angular. ,..,elocit::, or

the distance descended, The angular. ,Je]oci t::," ,.'.rpm"s':, of the

dc_,l.,._rJ-thr, us. tir_ 9 L:,_hee]s would be automatical ]>. adjusted deper_dir_ 9

on the feed Pate, A s.]o_..,J feed r-ate indicates a haPder- material

PequiPing a greater- impact s.peed_ _..,.._her-eas. a fast feed Pate

indicates a softer mater, ial needing less impact speed, B>- u.s. ir_ 9

¢,r,]>" as much power, as. neces.saP:Y for. vat. led luT_ar, sur-face

conditions: enePg>" would be ¢ons.er,..,ecl.

t"lON I T 0 R I f..lG

As. des.cr, ibed, the pr.oposed dr. ill is. automatic, The dr ill

t.,..tould automatical1::., le,...,ei ; ar_chc, r ; tilt up to 30 degrees.;

terr_por ia.r i1>. sus.per_d dPillin 9 to pr. ever, t o,..,erheating of the bit,

shaft, or motor, l and ,,.,aP>. the doL,._r_-thrust ir_L_) _.,.hee].s." angu]ar

,..,e 1 oc i t::,. for ma:::: i mum e ,_fe,: t i vene.==-., I r_ .._dd i t i on to m,:,r_ r tor i r_c_

i _.__.=._]4, _.r_ dr. 1 1 ,._oul d rep, or _. i f.s ,:o,,,__, _ f.....i cn-s to ar_ _--fror_a,Jf -

,-,-,_,__,*_,..::,], il:,._r_-_.. 1 , Fr-orr, tr,.,,i s p,.__r__1 ,. fhe...... a._trc, r_.._.u+ _.,Jou1 d he al::,2 _ f,-:

ll ing procedure, inp_Jt thF- de-=ired dr. i11 in,-, _-,-1_,

a r_cl o i., e r r i d e t t-i e a ij _-,:lrrI._1"_" i '-- I--C'n t r O 1 - i # r i e ,: _ _ _1._.r. ,

m,:,r_i tot. the ,Jr.
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The de=ign of the structure of the lunar dr i]] fo!lc,_,,,ed

through four I:,as c design levels. The.=-.e _.,.._er-e cc, r_straint-=-,

assumpttc, r_.s, fin shed des. igned and al tern__ti,...,e.=.

E',e.=.ides the cor_s-traints caused b>. the lunar enviror, rner_t

the constraints, are a-. follo_.,,.=:

1 i The lunar drill must be able to dig or. core up to

ten meters. The corir, 9 L.,.._ould be for research

purposes s.uch as. to e×amine the cornposition of the

undi._--.turl-,ed tun__.r- r. ock: bene__th tl-,e s.urface.The

digging would I:,e for lun.._r constructior_ such

.__s holes, for bl __.s.t ing

2, T h e d r i 1 1 =_.h c,u I d b e a.s. c 1 o s.e t ,", 4 u ] I > a.U t orrl _. t e d a ._:

po.ssib]e. Astronauts are ,,.,er::.- 1 re;ted in their

m,:,vement cap,_bl i t ie .= .._rjd the it- t me. Tr, e dr ! 1

•_=.hou! d be .._.b] e to oper.__te or_ t._= ,_-.,r, or,:e p,_ -_,:ed

__r,,_---t._.imed in the fight direct o_,.

3. The dr-ill mu.=t l:,e ah]e to d ,} up t::, thirty degr. ee:

fr or', the r,c, rrrr__l , Thi s. i __ for get t i r_,_3 core _-.;::,ec irner,_--

it, di4_:er, ent or ier, t.__t ion:- at,,3 for ,..,.__riou.=- c,:,n-=-tL.'c-

t ior; p,urpc,--.e_,
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4. The dr-ill __.hould l-,e .__ I _,Dht ._: r,c..:_ible. Due to

the 4:.__,-t {ha{ trarl_l:::,or, tation tc, {he rr_oon fr'om the

earth i-_-, the ma...ior cc,--.t c,_: the dr.i } ] _ the dr r ] !

c_.hou]d l-,e a._ "t:::,.._.r.e" a._ l:,c,5-_-.il-,]e_ t,:, mir, imize

the _.,Jeight.

The only as.sumpt ion made is that the dr i l 1 could l=,e

par. t i al I >" as.sernhl e,-I on the moon f,z,r- ea.se of tr. anspor, ta{ i or_ tc,

and ar.c, und the moon. The dr-i ] 1 would corne in thr.ee __.eper. ate

I:,a.rts_ leg=._ main structure and dri11,"dri11 bit,

The des. ign of the dr. ill is. illustrated in figure E:la-Bld.

Tlne dr.i 1 1 is a tr ilDod of thr-ee tele.=-.cop in,a leg._. Th_ ] _,-,.=

can he ad..iusted h>.-h>, tur. r, ing a knob to e>.'tend c,r. retr._.ct

t h e m. T h e __e a.d..i u s t m e n t s c o u 1 d a. i m t h e ,-ir i 1 t iZlri a _-J::.* _1.r, t_._] e u p,

t o t h i r. t >" d e g r. e __._ ) i r_ a r, >. d i r _ ,: t i o n,

The dr. i l 1 i s a rc, tar>'-per, cuss i i_-,rl type I Foijr t.,..lhee ] _= dr ve

the dr. i 1 1 . 0rl the dot,.irH,..,ar.d {hrust , the tt.,._c, 1 c¢,.ler _,..ihe_-] .=-

':: i:,-iFIS, ta.rl t ] ::." _.p i nr, i ng.:, enga,}e the dr i ] ! . The _,.dnee 1_--, _Z] i::r'!,Z.

_..,.._ith gra,.,i t::.', ,_,:,rce the dr i] 1 do_.,._n. Ju_:.t bei::,r.e imps:t, t_._

•,Jhee].- ,-1i -eng.__.ge ._=.c, the.:, r. ece r,,e non_ o'F the irnp._ct _:c, rce ._nc

can k:eep :p i nni r,._. Fin the up_..,._ard rnot it, n, the ul:,per- whee}.-

-_ rJ ;_ --_'_I_ e ._ 1-1 ,-_ 1¢ ,-, F C. e ._-- t _-i e d r i ] ] u F' a. rl d r o t a t e _ t . T h _ d r _ i ] ] i

I-,r. ought to a. he i gh t ,:,i i ive _:ee t be4c, r _- ti-,_ " down " _41nee ]

en.gage and E.t _r t the r.:,,z ] e or_-e IT,:oFe .

Th* _.....rr_-,f,-,r .:- ar._ prc, tec ted _:r orr, _!-,e du :-.f. ,-r_ ;dF_ i ] ] ........, . .. ... : .. ;_
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cover.. The co,...,er, can open in thr. ee piece-, to ful 1× e×po__.e

the " inr_er-s" o+ the dr-i ] I 4:oP ea._=e o4: maihtenance.

The s.y.-tem to r'el:,lace the cor. e bit once it =_. 4:u11 o4: cor. e

i._= a r. ohotic ar.rr, and winch s>.stem.A_:ter the dr- 11 i.-. --.topped

the u,_i r_ch l::,u] ls the core out up thr. c,u9,_ a ho] lou,, dr i1 1 . The

nobc, tic anm then i:,lace._ = the cor. e in a pr. otecti,-,e b, in and put_ =

a r, eu.., cor. e "holder." dou..fr_ the drill. In thi=_ wa> the dr. ill

r.emains dou..m the hole at al] time.-.,

A1 ter. native.-, that _..ter. e consider, ed ar.e discu.-.sed in the

alter-nati,...,e section o4: this Pepor. t,

) _, I ,[EoFRIF'TION OF LEG 0F'ERATICIF.I

The tr. ipod legs 4:eatur. e a. telescopic design 4:or. ease 04:

level ing and fc, r- compactne__.s. The legs a.l=_.o hou.=e the anchor in,#

s>'stem. Dr. au._ing-_: o4: a leg can be _Fc,und ir, Appendi:..._ B.2.

As mentioned in the __.ectior_ called 0per. ati,-,r, o4: Dr

design of the leg allows 4:u11>- automatic le,..,eling, anchor

t i 1 t ing c,_: the r-ig 4:or angled hc,]e._=. The over. a1 1 pr. ocedure for.

al 1 this i_ a]so explained in 0l:,er__ior, 04: Dr. ill.

The c,peratic, nal procedure o4 the leg it_=e]f, r-e_:er ir, 9 to

ApF, endi x E:.2. is ] i sted _-,eq,-,,:.

!) :::ha_:t I s tor-qued cl,-,cku.._ise to extend the le 9 (all legs..,.

2 ) L:,ha _: t 2 - e r, g F_Ig e d a.r_d t o r q u e - c ] o c k:,.,.t_ -: e t o d r i I I t k e __r_: if, ,-,r

i r_t,:, the 9r ound '{-_] ] leg_=) .
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3;:, ,:For- angled dr-i 1] ir, q or, l>", Shaft I i_ enoa,._ed and torqued

cc, unter, c]ock:,..,,i_e to r. etr_,:t the leg ,:',-,he leg or, ly).

41:, Shg#t :-', is. engaged and tor-qued clockt.,.,i_e to extend the

expar, dir, g bo] t (3 leg--i:, .

5 :, R e ,..,e r. -=-e t h i s I:' r. o c e d,- r. e c,.ah e n d r. i 1 t i n g .- iI ,IIIT_r.I ] e t e ,

T h e r e a r. e =. _,, _ r- a 1 a ,-t,..., ,_ r, f ,s q _ _ f I--I 't" _'l J "--. "_'. I/_ ] "_ -- C C I rl t ._ i _t-i I_ d !

telescopic leg:

1 ) C:ompact de.-ign

2) Automatic teuel ing

3> Automatic anchor, ing

4) Automatic t i I t in 9

R:, One m,-,tor- an,-t gear. bo:>:: per- leg ,-t,:,e .=-. e,..,er.::,.thing

6) Rigid con=.tru:ztior_

DRILL C;TE'IU-:TI_II_'E......... AtlF:NrlRII-4iq ,-...._-r:,.-,. Et"

1.,.I,............_ +h_ incl,,,-_,4, irnF,_ct 4,:,r-ce= ths÷. t,h_

_tru,:ture t,._i 11 re.: _e,..,e t:r,:,m, the Or ; _ ] .=h.9.4t and

,.,.,i_..., t L,__ ,- ._p .__.ble. o_: dr-i l, 1Jn,5_ up, f,-,__ _ f h i r. t.,'. .

,dr i_ _ it.:

._ i nee • t

de _-;r -÷

!no1 ir_._tion c,f the dr-i 1 t sh__4t, it i_=. ne,-e_=.__r:_ to equip th÷

•=->"=tern t.,.Ji th an arlch,z,r, i ng .=',-..=..tern. The anch:z,r I no: -=.s tez mu.-- +

b e .9_= - i m F' ! i _ t i ,- .9._= I:' o ._.:- i b ] e ._n d i t .- h ,:,u 1 ,-' b,e 4 ,- i
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.-_.ut orr,_t ed.

Ti-,e .__.r,chor. i r,9 ->..-t em f or t h e d r J ] ] i r, g = t r. u c t u r- e p .--

dr. il]

I_-ty_C e

_.'., 11

.9

0 rf e a c h 1 e g t h a e L.,..,i 11 d r. i 11 i rl t I:` t h e 1 u n a r- -_.u r. _:_ .: e .

the b,i t h.__..-. ,::Jr i ! led i r, to the _.ur-'F.__.ce , ._. _ecc.r,_ .-.,h_=#!:

.nq_.__._qe c__,_12.e inq_ t.h_..... _xp._n-_=.ior, ,-,f fh_ ,-_r-,] 1_I . E:_:p__r,.- ,-,_r.

t,.._ I ] be r.err,,:,,.,_,-', L...d-f_n i t become._=, t irne t,-, r. ernove th÷ ar_ch,-,r

__.;_stem, t..Iher: the e::::p.__r__=i on 4orce.= .__re r. emr,,_-d the ,-ir

wi ] 1 r. eturn to i ts nor.rr,__.l __.iz_ and then ma>. be r. emo,...,ed.

Se,,_er._] t:>.peE, o# anchor irJg __.:,-=_.tem.= t.,.._r.e looked into l::,ut

the =...'=tern chosen showed the lar-qest t:._.ctor of -_.a#efv /.,,_,.=.t

_-.>'stems ha,Je a sect ion of the anchor, ing s;_"=-.tem thst e-_t:,.__.r,d-.

which i-_. =_.at i.--.#actor.>- if one know__, the txpe o# mater-ial that

one is anchor, ing nto but L,,_hen deal ing ,..,i th th_ lur, ar

en,...,ir.orner, t the t;_"l:,e o_: meter, ia] i=_. not =_.ati-_-.factor i l> kr_o,...._n

at the tirne ,:,f dr I ] ir, g .-_o rr,uch more dur. able .s::,.--.tem L,.,_.=

n__,-I___,:::l. The _::l:,an_ior, dri I 1 ._.r,chor. ing =_.y__.tern (=,,_..=:" #ig E:

4.1::, ,,.Las cho._=.en becaus_ the- entir, e holt _,..,i I ] __.el:,arate

cause ng a ho]e for. ce di =_.tr ibuted thr. ouqhr, u_" fh_ _,r_" ire

hc,]e. I_: par-t o# the rr,.__ter a] gi,..,e.=. ,,.._.?:_, the .._nchor. _.,_i ] 1

- . - _J-_ i I 1 be c,:,r_--.tr._, n._,._ l::,ecau.se there u.._i i ] -zt i 1 1 be __ .--ect i,:,r,

,-,#_ *r,_,_,_ .__r,,-hor r_ ror,f._,-__.............. i,., fh th_ =.'.-,_ ] fhu_ there- _r: "

.._],.,.,__..,._=he ar, ._.n,:i-rof i nr# #,:,roe n the k,oi e

The e::-::pan,-_i r,g dri 1 I ar, ci-;or i r,g _:;--_=.terr, al so __.h,:¢,:_-- .s

reduc ,t ion i r, the equ i prner; t nee,:Je t,-, ar, ch,z,r, the dr. i 1 I i nc r i 9

t,_- the lur,._.r surf.__ce. In mo._:_ -_=.:..-.--tern_-- m hole must #ir--_t be

dri I led th_-n _h_, anchor rnus f I-,e :_ _ , nt,-, fhe ho] _ Thp

e::.:p__ndi r,g dr.i 1 ] =..'-=.tern ,:::J,-,es. I:::,r,th _ n ,-,he sh,-,t, thi.-_- ,,_ I ]

11
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r.educe the _,.._eighto4: the _:>.'.-z.terr_ _.nd a.t tl-_e sa.rne time pr.o,.,ide

rrfu,-Ih E. irRpl er. E.::,E terr_.

Once the dr.i 1 1 ir,,_ r

outer. __.ha.f t ,til 1 _-ie act

t I-i i _. i,.I i t 1 ,: a u _ e t t-,e a n c h c,r- t c, d r i 1 1 i f .=-e 1 4: i n t o t h e rr,c,,:, r, ' --_-

S, I/r- _: __ C e • 0 rl C e t I-i e a. rl ,_- ['f ,_-, r _,1% I i 1 1 e [)_ F, ,_, rl ,_ u rl t ] _ b_ e rf e _: e _ _ ,_ r I:r,

hc, le 4:c,r-ce=_. a.r.e a.chie,...,ed. Thi_. L.,._i] ] c,c,:ur- n .s] 1 thr. ee leg--

at the s.a.rne time __.,:, a. l l of the legs. are cons.tr.a, inecl to the

]un_,r =_.ur._Ca.,:e.

g is. _.et on the dr. lllin 9 site, t,h_

,..,.__ted ,:i_.ee 1 e 9 a__--.emt-,1 ::.-- dr __,.,i n_[,_=.:,

CORE E;_RREL

C ore

w il 1

Tl-,e core t-,._.rre! u_.ed _:,:,r re, r-- ,-it _ ]] ,:.:

The lunar, dril 1 _..,.,il 1 be r.e_.pon=.ible 4:or r-erno,..ijr_,_ the

_amt:,le.-. at e,...,er->-' 4:i,._e feet dr illed, The cor. e Iz,_,r-r. el

I-,e res.l:,o-ibe _:of the cor. e remo,..,al .__.nd al_=o _:or. the

t.

] ! [::_e ,_e r- .

__irrl

rr, b _

2.e c

] .3.r _,:, the E:ee,-_ :E,F:::,:or.e L,arr el __.ee 4:

4:icat it, n-_--., t..,.thich L,._i1 ] iz,e de--,zr ib, e,-I

J C_F_E .

r, the _c,l 1,-,_ 'r,-

SIZE- The core _.i Z.# I..,..li] t b'e f'.'J'- I nCh_: z i r, d .e,-r,e tar __r=z:

o4: ._= lenQ_th c,_: _:i,..,.e _:eef. __r,d ._ hc, 7__ _ _z_-_ o_: 5.5 ,,r,c_-,_-=-_-.
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The star, da.r-d FiK cor. e l:,.__r.r-e] h._a.--, a cor-e diameter ,-,_ 4

I.=, 16 inrhe.-, anrl a h,z, le .- ize o+ 7-- "' - - I ..."L--: i r, c h e =_. a I o r, g _.,,i t h

.-_ length c,+ tv.,ent>.-fi;..,e feet,

ItI"}["JE_:: BARREL- The £c, re I2",gFIret bJi ] ] J_,e i ri the t-,ol e _t

a] 1 times t.,,,i th irnl:,__,zt +c,r-ce-= a.nd rot._ationa] +,-,r-ce.-.

acting cirl the bar. r. el at all time._=.. The inner- part c,#

the cor. e barrel z.,..,ill be al]owed to r. otate ._=.o that the

ironer- l-,ar.r, el wil 1 actual::." r.emain st.__.tion__.r>. when the

shaft is ir, rotary motion. This will keep the cone

=_.amp]e untar.nished a=_ l:,ossib}e,

OI_ITER BARREL- The outer" cor. e ba.r.r-el i.,,i 11 have a double

thr. emded auger, attached to it with a he1 ix ar, gle o1: 15

degr. ee=_., this .,,i]1 auger th_cutting._=, to the top o1: the

cor. e bar. r.el i,.,her, e tl-,e'x wi I 1 r.err, air, ur, t i 1 the core

saml:,]e i=_. r. erno,..,ed ar, d the cutting._= v.Jil] then he a] ]o_..,ec;

to 1:aI 1 to the =_ur1:ace or_ce the cor. e bar-r-el i =_. r. err;o,..,ed

t-,::., the robot i,- arm,. To protect the dr.i 11 sh._=1:t i:r,-,r _

f. h e i n ,: r e ..=._- e d 1:r i c t i ,-,_r, i n d u c __d h..v h a ,....i r, ,:,_ t h e c u t. t i r, ; _=.

'=.i tt ir, g ,:,r, top: ,:,4 the ,:ore b_.rr.e] .__nd e: po.-e,__ t,:, r.r-

dr i 1 I __.h.__4:t., .....i_ i._= r-,r,-,F-,,-, '=_,-!, *,.o ha,,..._, a plast ic 1.__..._-_,- ,-,_r.

the out._=.ide ,2,+ the auger, th._=.t _.,., 11 e::.,tend +i,,.,e 1:eet

abo,.._e the core barrel , Th i.- ,,. 1 I not al lc, u., dt rect

cont.__ct o1: the cutting._= to the ,:Jr 1; -hal:t, Ther. e _...i71

als,-, be 1:i,..,e ke::." lc, ck:s c,n the core t-,m.rre] _,..'er,! :, -:;_-.:e,:

_bc, ut the circurr,#rer_ce. The=e _e::. ]c,_-k- ..... _ ] ; .__ T,-;:.._
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rotary mot ion to the c,-,re h.__rr, el so that i t c__.r, _uger

up the cutting- and at the s__rr,e timenot a! 1c,...., the

transmission of the ,..,erti,-a] m,-,tion sent to the =_.aft.

The ke>' =_.lot [,.i 11 I:::,e desigr, ed in such a t.<_a:.. that the

mpact loading w 11 be tr.__r,=-.fer, ed tc, the barrel _c, that

t rna:.,' cut part of the h,_-,le i..,.,hich _..,._i1 1 he req,- red i4

the core barrel i=_ to r. err,.__in in the hc,]e.._nd to b,e

pulled out fr.c, rr, the top of the sh.__#t once the f ,...,e 1:oot

sect on s read.-, to l:,e remo,..,ed. (see fig B4.:-_ ; E',4,4 i

El4.5 :,

Or, the dr. 11 ing r. g there _.._i]1 be a total o# _e,,en co*e

barrels on a semi-c rcular, r. acb.: . Thi__ ,.,.,i t 1 al lc,...., the

remo:..,al of the cor. e I::,_rrel._: to a lunar. I:,a.z:e t.,,_her-e the

astronaut t,.ti I 1 the remo,.,e the core- __nd re-t:urb._-_=.K the core

barr. e]=_. for fur tur.e u_e.

ROBOTIC ARrI AS'_--;EHE.'L"r

Tt-,er-e t.vi11 be a robotic ar.m assernhl::,, c,n the drill r _,:_

that t.,.Ji 1 1 be resonsible _:c,r the r. err, o,..,.__! o4 the core barrel

after the end o# euer.:_ #ire foot increrr, ent. The arm _.,.,ll 1

ride along a shaft that is p,.__.r._11e] to the dr-ill sh.__ft ._.r,:__

it will exter, d 12 meter=_ up irl __ ,.,erti,:.__l direction. Ti-,_-
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9.rm ,.,,_ ] 1, be _-.__.l:,,_-_.bt.#_ r,t:_ *.r;_.-_'.',_-..:: ] i n,--4_Up .__.nd d,-,t.,.in_....... the, _t_9t:

-_ ] _ I[I I_t# ._.,--,--.,-,n_b-,1 i -=-.hi n 9 r.c,t.__.r :.. mot i ,_-,r_. ThePe t.,.t ) i .i::.,e .-_

tz:.l:,e tupe .-_.t the end c,t: the .-:_.rm to hc, ld t;-_e

t i ghtl.-"" =-o that i t ma>. L,e mo,..,ed L,.,hen the b.__.._e

de_#ree ._.n,_:4!e _.,._ th re._=.pect tc, the -_.ur.#a.,-e.

rb, e 3r.m ,,,,_] ] taKe a cor-e b.3.rr.e } 4f-ore a _.errii -c i c ,;T:_- ] ._.r

rack:. I t t.,_i ] then fn.=-.ert the cc, re bar-r-el nto the sh.__.#t

and !c,,..,._er i t b> ,,_.__> ot: a L,.._irich to the bott,-,m of the hole.

_t the end o!: the _:i,,.,e #oot cutting -_=.essic, rr, the ,-ore L-,a.rre!

t I-i e FI

the

i.,li 1 l

the

bro'.._i,-le the imp.__.,mt

3.r,,:::!

bel

C 0;" E' E, 9. F F e

•- .9. t .q.. th i F t :,

L,e rer!,oved _:r,-,m the ._=.h.__.ft b:," the ar-rr,, The ._r-m _,.ti]]

inser, t Lhe bar. re] into its appropr ate pi._.ce and take

n e ::<t b ._q.r- r e ] . i..,.Ih e n t h e c o r. e b.__.r. r. e } _. b e n g r err, o,., e d, t

be nece._.E..__r.>.. #or the -=-a_:t to rotate b.__.ck;:..,.Lg.rd.-. -.o th.__t

,--ore ba.r rel t.,J 1 ] be r.e! ea.-_=ed 4:r. om the b:;eeT ]ocb:;- th_.t

- - _s.....__<_._in,__ t,-, the L,ar. re] .

BIT [:,ESI GN

The dr 1 1 b

and funct on_=..

Ij-E. C, ff: .9. F,>" f ] U

t _=.hould ha,.,e the _:,z,]lou.._ing chr-acteri._=.tic-_=.

Since the hosti;e ]un.__.r. en,..,ironment pre,..,ent.-.

d t>.pe o-F c,-,o_, ant--, or l',Jbr icar, t._=, the L,i t

mater !9] -:.hould endur-e high temper-atur, e.-.. Ir, addJ tion, the

bit -.hou]d L,e __b!e t,_-, ,-art:.- the cutting.=-. .__.t.,.Ja:>._:r.c, rr, the
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bottom of the hole _.,.._ithout help of the pr.e_--.-urized flL_i,_-!..

Fur thermc_,re, the L,I t .-.hape -,houid be de=z_gi,ed to 9_'.-'e the

best r_uftir_ 9 e1:;ect in both per'-cus.-.i,...,e and r. otar:., rr_otic, n_

_..,.._ithin the a! ]o_..,..la.bl e -.trerlgth o1: the bi t mater-ia! . A]]

the._e considerations are e::.::pta ned it, rnor. e detaJ 1 _r_ tr_e

1:oI ] oL,._!n 9 sections.

i . BIT I"tATEIRIAL SELEC:TIL-_N

A] ! the pc,-_=.._.iL,I e mechani cz_l t:a 1 ur-e rr,,-,de-z-, o-F the bJ f and

r el _.t ,..,e roarer i _.I char-3.cteri s+ c'-_-, c,I: a _..,.._i,.f.e r__.nge ,-,# b_ t

mater _l s ._.re car. et:ul !:.- r.e,.,i_..,.ed. _rnc, ng them, the rnc,.-:f

signi1: icar, t t:ai lur. e mode at the b t in lun._.r dr i I ', i ng ..-:.

wear. S i nee no, IZI:,,"-I] .B.ri t_s C,F ] ubr Jc.b.ri t'--, .__.Fe u_--.e,_, the t r-,

_..,..,i] i exper, i ence a. high temper atur-e . Theret:c,r.e the b }

m.ater ial _=.h,_:,u!d ha.,.,e in,,,ar iant}::. high degree c,1: hardr, ess and

t [Z' ij _ h El e -: _ a t h i g I-] ½ e rTi p e r .__.t u r e -..

2. ALTERNATIUE BIT MATERIAL

Fc, r the bit material diamond, steel , cer-amics, and

c._r.bides ar-e consider, ed. E,..,en thc, ugh .=.ome ot: the ceramic

rn_.te_ ial- -_=_.hoL,.,h,,3h me! ting points ._nd hardness, the::." ar.e

to, c: brittle tc, be used 1:c,r. per. cu.-.si,.-,e dr. ]ling oper._.tion.=..

A1.-.o, their low tb, er.rnal condu,_-ti .....ities _.,.., 11 cause the heat

to, bu ] d up in the dri ] 1 bi t Being in the category o1:

ceram c mater-i a.] -s , the di arr, ond 4ace._ alrnost the ._lar[le

:_r,z,b] era÷. ._,-. the cer-.z_m ,z =., i..,..Ii th he 1 p c,# the ,zc, c,l ar, t ,

di &moraL-dE ca.rr be super, c,r to c, ther mater i_.] E a.s _. too] 1:of
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lc,'...._ curt ng pre_._=.ur.e rotar::," drilling t.,.pt-,ere the chip s.ect on

.-_- sm__l ] . But, in Pc, tar.:> -percu-==.ive dr.::., dr i I 1 ir, g, the

diarnor, d fa. ils corrq:,1etel::.. .=-irate its =.trer, gth and heat

tr. ansfer. Pate._ = ape too lo_..q. The 1c,.., he.__t tr.__n=4er r.-te _.,..:!

ca.use vet..-" high temper, a. tur.e.- at the dr. I 1 I:,; t, ,.,.._hicl-h it, tur-r.

t.'._ 11 distor, t the diamc, nd eml:,edded rr,atr. ::'. Fur-tl-_er.rr_c,r.e, the

d arr, ond itself might be glazened. High .-peed car-I-,or_ _=tee]

ha.-. h i gh tougl-,r, ess, l-,u t its I-,ar. dr, es.s. i s. rrluch ] oweP thar, that

o_: ca.r.l:,ide-_=., it is. I:,ro,,_en b>" experirr, erJt that under, the sa.rr, e

te-_=.t conditior_.=., high =_.pearl steel-_= e..::hibhit a wear. that is

about fi,..,e to __.ix times, higher, than that o4 cemer_ted

car-b i des..

3, SELECTED MATERIAL

Car. hides show the most _:a,.,c,r.al:,Ie char. a.cteristics l_or l

r. o t a r. >. I:' e r c u s s i ,.Je d r ::" d r i 11 i r, g. C a r l-, i d e _= h a,..,e m u c h h i g h e r l

har. dness thar, high speed steel along ,..,._th hi,_ah rr,e]ting

poir, t-_=.. The::,. also, d s.play rr,an:_. rnetal 1 c I:'roi:'er t ie'_r such a

high ther.rr,.__] ,:onduct .,i t.:," ar,,-I high toughr, es.=.. The car. bide_

h i ,ah h a r. ,:1r, e s s .__.r, d t o u 9 h rEe s.s a t h i g h t e mr-,e r..._,t u r. e :- rr,_I_::e ._ t k]e._ ,

.gr, i de _ ] rrl.__ t er i .__.] -i: or r,_up I::' rl '-'- l::' r"--. _ '_ ] Ur!l_r :_r ,' ] ! i r!_ . LJ ,_r

h__r.,_r_e._=..=-, so] ,..,e.- the I:,r ob] em ,:,_ ! m!:,ac t r. up ture ar_,_-i .-F._t ,_'_'.÷

-t:.__i "_ure , _rr_,:,ng the tarbide= _ tur_L_ster, ,:arb; ,:_es. wi th

titanium ha,..,e e::ceptior,.._.]] :" t:a,.,ora.b]e combina, t ores. c,f

har,-tr_es-_= ar, d met.__.] ] i,: character ist i,:s. The s.] ght ab ] i t

to ,:le_:orrr, p;ast i c.-_l ]::, i.- iml:,ro,.,ecl br a,_-topt inQ the cerr, ente,3

': "_. r- _1 i d e _.,._ _ t bl ,: C, L, l_ '. t _ IE t bt e El ,:l r_ 1_ i r J i} a. ,_ e r_ t , T k[ I _ ,, _ ,: - _ _ r - [- ,-
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cornpos, it on cemented carl:,ide offers irr_proved toughness.

t a n t a l i u m i n rr,u t u a l I-,o n d _.,._i t h t _1e a _1Ei 'il.'e t IJg _l t e rl c a r- b i d e

confers, much impro,..,ed properties at high bit tip

teml:_eratures., es.l:,ecia] ]>' where cons. iderable shock: is

in,...,olued _p,.l:_--::,. From the graph b3.1 at 12% col:,a]t content,

the rupture str. ength is. at ma>'imurr_. To irrrpro,...,e the high

temperature characteristics, the c,ptirr, um content l.s adopted

which is. 5.'/;.,:.fig. h3.2), thus. the compc, sitior_ of our

c_l_rf,_d........ carbide i= _.,..,,:-tic-tac-co t:Ji th 12t: c,-,,_. 5% t i c , and

10% tac. Percent content of tac of o,,.,er 20% t,Jit] decr. e.__s.e

the tr'ans.,..Jerse-ruptur, e strength too much and an increas.e in

tic cc, nter_t _,,_il] improve the t-r-s, up, to 25% but the

hardness t,Jil] be decreas.ed considerab]>-.

Th e

3.1 PROPERTIES OF THE SELECTEC, MATERIAL

HARDNESS 89,5 RA

TRANSUERSE RUPTLIRE STRENGTH 24S48G-2d,gERS_ . . F'"I._

158e_8 PSI AT 100_C

2_66G_ PSI AT $6_C

4. BIT SHAPE DESIGN

The hit is de.-igned to 9i'.'e the effect_,.,e ':utt_r-_:_ _r_:__

s. tre--s endurance dur _n 9 c,p,eratlon. The s.harper the cutter

tip, a.r, gle is.,the higher the cutting r-ate _.,,;hich is. achie,._ec.

Hou._e,..,er, sharper edge ,.,,,; ] ] be under hi gher .stress

cor_centration. Thus., in deciding the bit _ng!e tr, e._--............

factors should l:,e compromiser!. Also_ the bit .=-h,:,u:d be
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designed to r-emo,,,e the cutting e#fectivel>.. '.Since no

p,r-e_.s_jr-ized fluid i=_. allc, t,_ed tc, cle._n .._._,,a>- the cuttings, tke

auger ._=.,'.=.terr_ i._= adopted. Jr, order to collect the cutting

effecti,..,el:,. to the auger er_trance, the bit is desigr_ed to

ha,..÷ _ hel ica. 1 s.hape ,[fig. b3.3), a =. the b' t r-c, tates., t

con=-.tar_tl::," pu._=he-=- the cutting_ tot,_ar-d the auger entrance

located in the inner side of the drill . After __ c__!cu!at of

with the help of the corr, puter, the angle i _ deter.mined ,:. see

Appendix 3"I for. calculations.'.,, the bit angle is t_]0

degrees and the hel ica! angle is. 46 degr. ees, Each angle is

s>'mmetr, ical so that it has uniform stres.s, distributions for

the percussive rr_otion. Al.so the rJumber of bits. should I-,e

large enough to al low the chip size to be srn._l t enough t.-,

fit thr. ough the auger.. A bit number of lr:_ is. dec_ded up,-,r,

for the dr.i 11 .

F'OI.,IER REL:!UI REFIEf.,'T::,

[:t C: _TI l_t _ .Zi r E |.t._ ._ 'S. C _'I i-i _- e r; t L"' _, -_,l.t I e r t _-" e "._ ":'" "E. _ e r_p L I e ;Z _. Ij "E e _. _ e

._.r÷ _=.,_i ted for- aut,:,,m__t ic p,roces._=e_--, r:,c motc, r.s gi,...,e

a_Jt:,rr,._ted rnachiner-.:. cor_tro! ] _l-,]e ad..iustab]e speeds, and r. g_

._:tart :,ng tor. que-_. The:>. c._n .__]_=o be progr, arr_rr;ed to contr-ol ._

/
rr,_chi nes. ol:,er.3t ion an*-J r eg-!.__t÷ the i r pr od_J,:t i on feedb__c_ ,

Their biggec-.t adv.__r,t.._ge i_ c,-,ntro] . Ad.iu_=.t.__ble motc, r rr, it:_-,r
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.-peed_ o,.er .__.r, in-F i r_i re. r. ar, qe _ con-:tar_t hc, r._=el:,c,_.,..,er ,:r

cc, r_.-t.__.nt tc, r que ; Sa.'I:_ , ecoFicirr_J ,:.__.1 L,r..__.t. i nLi; pr¢.-.et speecl._ :

rapid .-_.cce]eratlorl and deceler-ation.

HORSEF'ObJER C:ALCLILATI Or,,' ,: hOb.It! STE:CH<E)

I'd = tflASS OF SHAFT

G = GRAVIT_ ON MOON

N = RF't"I

FN= NORHAL FORC:E. 0N SHAFT

FG= FORCE OF SHAFT LqN HOCIN

T = TORQLIE

!,.I = I,,..IORt-:

HP= H 0 R_-:;EP OI..,,IER

E = EFFIC:'[ENCY OF HOTO_r

_qF'RO = HEAT F'RCIDUCTIO!.; I_.i HOTOR

U! J: T :_

t": = 2';'.5

6=5,4

r.4 = ::',_'-*,8

F!l= 20 0n

E = 70;.

L E:b:

FT S

RF'rl
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FG = 3'?.5LE,'M * 5.4FT.."':-: = 2!_:'.3 LBF

T = [:,:'2*FG = :--;(4 LE:F*"FT

.,P = 2,::F'I::,t-.IT = 15e77:_:', LE',F*FT./t.I!r..;

1 HOR':;EF'CIL,.IER = 3:2,E100 LBF*FT..'tIIf.;

HP = ]5(_,773.."3306E _, = 4.,_,HF'

HEAT F'RODLir:TI or.l IN MCGOE:

1 HrIRT;EPIZIt.,.IER = 74,':, I..,,IATTS

4.&HF' = 34.32 b..IATTS

QPRD = 34:':',2_,:-:e = :lO:-',E4 I,,IATTS

J'

* rec,.:,LI".IIHG A SAFTE"( FAC:TnR iqP E: THE HEAT F'E'i-l[,llC _r, I:-:

3 I_','_'9 blATT :Z;

C:,_LCI_ILAT If,lG CLqEFF I 7 I ENT OF FRI F:T i 0!4

F = UN

F = FG b..IEIGHT CIF ::;HAFT Ii"4 LE; _-'

N = FN I40Rt'IAL FORCE)

LI = C:OEFFICIrEr.!T OF FRICTION

U = FG-"FN = 2i'E:.S... -:_9( '

L[ = .E;71
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CALCLILATIFINOF HORSEF'Oi,,,IER,:LIP STR01-::E:,

Noted the tor. que_ wor.k_ a.nd hor.sepo_..,,_er,i=_. the _.arnefor.

the Ul:, str. ok:e. the he__t produced _....lil] __.]_.obe the __._me.

The on]>.' ,:ha.nge i__. in the coet:_:icier, t o_ _:r.ict iorl.

F = LIt4

F = FG = 21:--;, :_--,'LBF

N = FN = 5E_E18 LE;F

LI = FG,'FN = 21:-;.3..,"5806

u = .e4s

* I.,,I;.TH _ Fr_I::TCIE: OF S_FTE"_ OF THREE U = .:12';'

COOL II4G ,E;.r.L:;TErI

t-,.__-_=i c.-_l I > t_..'.J,:, t>.pe._= ,:¢ r __.,-Ii s.t i rl9 c,:,,:,] ._r; t -::,._= tern:_ ,,,;. r
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Ic, ok:ed at. One consist of a liquid used ._.- the coc, lant and

the other, a ga--. being used a.c-. the c,-,o]ant. It was decided

that the gas. coolant s>.s. tern _..,.._c, t_:l ,:::t L,e the mc,:_t efficient f,-,r.

di.--..-il:,atin,_ the hea. t produced I-,::,. the s:..stem. The rna.;or

rea.=_.on behind this decis on uJa.=, the e::.::tpa _.,.._eight o+ the

1 i q U J d c 0 '--' ] a n t S >" S. t e ITt i,.I h c I-i [&l +_:t.+_ _t p p r o )f i r_! s t e 1 :Y "_ o tj r. t J [TIe .]

that o-F the ga.=. cool_ant ,z_->'stem, Another r-ea:-on wa.-. tha. t the

1 iqu d coolant system mope than fit the need of our heat

dis=_. I:,ation l:,rohlem, the liquid coc, lant __>'.=.terr_ dic-.sipated

150 t imes mor. e heat tha.n the gas s>'.stem, Als.o, because the

heat rejection rate is+ too gr. eat for our. need.--., the fluid

circulating through, the pipes would pr. obably freeze. The

l iqu cl coolant s>'s. tern is. ats.o much more complicated, for it

requ res evaporation and conclen.-at on of the fluid. The 93 .=

cc, olant system i-. le.-.=_ compl cated, for all that"=_, needed i.-

a. pump to cor, troll the veloc t::.. of the cir-culating ga.-.

The gas used in the coolant .-.>'stem was l-,>'dr, ogen even

th,-,ugh the ernissivit>" is not ac- high a.-. other- gases. Under

our condi t ions of oper.at ion h::.'dr-c, ger, seem.-, to be the mo.-t

re+, iable. Nitrogen _.,.,..mc-considered, but thi.--g_m.- tend.- tc,

+-+-,rnL,; r+e t.,._i th ,-,ther _.ub.-+t.__nce._= t,-, rr,._, e i t ,Jr,-z_-.s.fe t,-, use , The

+-:",dr oger, ga-_ i _ pumped .__,-r-o-.-- the ,3.rmm.__.tur e a;,d r. otor c,= the

m,-,tor -- t,,_her +e mo--.t o_ the heat i s- gener, e, ted.

In deciding the --ize ,_-,+F the r.+.,-=i.+ting pane1__ and pipe.- the

heat garret a ted fr. om the _z.,.--.tem _+ljE. t L,e kn,z,.,.+r, . Once thi _ t _=

knot.,_r_ the _ i ze o; the p i pe=. and p_=ne ] = ,-an he ,_-a ] c_. ! __+ed b .-

f.r ,' -_ _, anJ_ __r r c,r , _ _.... .--,hc_ 1 _-J _k+*__ ,.-,-+_+.#. ,..d f.l-,._ t +'..h_-.: hr-._ f tr _mr =_##r
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proce.-s nclude__, conduct ion COUl:,le,-t .,ki th radiation. In fact

mo.--.t o+ ti-,e heat Ic,---t i._= due t,:, cor, d,Jct ior, o4: the hot g.._=

p3.s-:_ in9 thrc, ugh the c,:,ld F'iF-'e=,,

HE: = LINI T THER_II1AL OONt.)EC:TIk)E CCINE:,LIC:TANCE

MR = RAE:,I_T] ON LINIT THERMAL CCINDLIC:TAF._CE

O = STEFAr.4-BCILTZHAN CONSTANT

E = EMISSIk.IITT " OF MATERIAL

K = THERt'IAL CONDLICTIVITY

D = [:,IAMETER OF PIPE

k..' = VELOCITY OF GAS

F' = DENSITY OF GAS

II = D'Y'NAMIC k/I._-,L.O_,ITI I"tF GAS

RED= RE"r"r-JOL[:,S NUMBER

PR = PRANDTL NUHBER

Ti = INLET TEMPERATLIRE TO RADIATOR

T2 = OLITLET TEPIPERATLIRE FROr.I RADIATOR:

QC: = HEAT LOSS [:,LIE TO C:cIr..JE:,LICTICII4

I_-:JF;:= HEAT LO:-:L=; [:,LIE TO RAE,IATIOr4

= '_=,LI["I 0F HEAT LOSL:: FRIqtl L-:L-ffIE:,L!CTI!-f!.J Ari[ F.:_[:":_T]0FJ

= TEr, lPERATURE It4 KEL'..'IN

: (.d_Tm': -_

= P1ET E P' :---;

= NEi,dT Ot._'-_

KG = KI LOGE:AblE

J = JOLiLES

k::

r.q

I'd
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S = SECONDS

Noted it _,.._asassumed that the temperature(T1) was 394

degr. ees kel,..,n,:.121C:, at the inlet o_ the r-adiator, and 23

degPees kel,..., r_ ,:-25(4C> at the exit o_: the radiator.

*THE UALUES OF HYDROGEN b..IAS TAKEN AT 2(;_ DEGREES

KELUIN(T1 +T2/2)

U = 6.813 * IEI*.6

K = .I 282

CP= 134(4

P = .12276

PR= .719

V = .d,f_'I';'6(2FT/S)

D = .6254(IINCH'.,

UNITS

N* S..."M**2

W/M*K

J.."KG*K

KG/M**3

I/K-M**3

M/"S

M

HEAT RADIATION FROM PIPE A.'_--:SUMINGTURBULENT FLOW

RED = PVD/U = 278.'_'

HE: = K.."D,:.(12SRED**.S? PR**.33:, = ,;.a. j,,"!I*_-2.t

OC = HC<PI>D,"T1-T2) = 27:--'.',_--, LI.."M

HR = OE,:[TI**2 + T2--2_ (TI+T2) = ._--:,3_5W/M*_2*F

OR = HR, PI)D(TI-T2:, = '_,'E:W.-"M

r! = r:J,-:._+ QR = 376.S I/.b."M

tdITH A TOTAL PIPE LENGHT OF 15b_ THE HEAT LOST I'_
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FRL-It,I PIPE ALOt_E

HEAT FROrI.1 A-ur,INzrr..1 F_r..IE_I_-,

I_-..!Fi= OEA(TI**2-T2**2",.. = 1 ....z .z,"-'zI.,.I#.TTI--;..,

A = AREA = lt'1*2H = 2H*-2

The tot*:] best radiated b.," a the radiator. _.,..,th the p, il:,es

r.unning thr. ougl'J i t is.

QTOT = = "=-' .... t_,,:,,:, [.,,IATTS,,o._,.-,I.,..1 + 1 ';':':-',":',t,t = '"='-' "

WITH T{.,..IO RADIATOR:-; IN PARALLEL

OTOT = 2 * 75P:,_z, I,..IATTS = 15172 I..,.JATT:--:

The total heat produced t-,:7, the s.;,..=.terr, a-=.uming __ s.afet::,

fac tot of three i sl

_F..!E'EJ = I(_2r:_E_ I..,,IATT'.-;



MARrH 1I _ 19,S:,_
tI"IE 41 82 A

GE'E_tF' #1

I6 HETER [:,F:!LL
F'a.ge 2'.;'

COC:T _I-4_L"_:-; I :--;

c;._ r_r___ J _'. C O_.t'- r" OU,-,h]_. _ I. _,._, IEIAA_- I:Jl:l ] ]_r.= per I:' ou n d t o t r .__n.=.port.

sorneth nq to the moor,, the costs of mater .__]-_= and labor #,_-,r.

cons. tructin 9 the drill are insignificant r, cornper son to, the

tr-an=-por tetion ¢o.-.t. Ther.efore, the ¢os.t anal>.sis actual l>.

becomes, a u,,e 9ht anal::..s, is, and .3_-s.umrr, er.>. of appr. ox mate corrd:,or_ent

_.:.._eights. is. ] _--.ted I:,elou.J.

Am,:,,Jn t Component b.le i 9 h t ( 1 bs.::,

Tr ar, s.por, tat i c,n

C:o s t ,::$. :,

I drill s.haft 1,270 \ 19,05_,80_

i s.tr uc tur. e 48E1 6, C_{I_ ,g6[_

7 cope bar r.e 1 .-. 2EI 2 :10E_ ,GEar_"

I up-dr, iue rrJotc, r SO 1 ,2E_6,('166

1 doJ.,._n-dri,...,e motor 70 1 ,ese,ee_,

3 leg rr,otor.- 26 ,.;,6_l,eee

1 r o I:,o t ,c a r. rr. 2 5 3.--"-'-,, OO6

2,045 :30, : _5 _e 6,.-
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C LqN C L U E:t LqN rE:

!n the de.s. ign of !_7tm lunar dr-i 1 1 , m.._n:,. pr. ot:,!ern._=

fr.c, rr, the hc, s.t i le en,,.,ir.c, nrrJer, t ,z,f the rr,z,,z,n, Ther. e#c, re

des. ign was. concer_tr, ated on ad..iustir_g to the e:,'treme

e rl u i r o n rn e n t ,

C ,2,rr, e

t he

] un ._r

| , Because it is. highl>.

wide range of mater ials and

rotar::,.-percus.s.i,...,e dr. i l 1 ng

drilling,

efficient., _.uital-,]_ for

can operate .,Ji thout

techni que i 5 chc, ser_

dril 1 ng a

c o o I a n t , a

f or I u rJ a r.

2, The rat i,:, of

cc, ntr-c, 1 led

s.t ern and

incr. eas ir, g

,..,er.t cal and angular ...... eloci t::,

b>" ,.J_ar>'ing the angle of contact I-,ett.,.Jeen

the dr-iueng t.,..dTeel, This. i__ e-I:,ecial]..

dr-i 1 1 inq elf i cienc::," I-,ecaus.e

nte ftT,-,d mi,-,hf b_- ] _.s E e4:4: i c i ent fh.__n

! oo_--÷ ,_-,r :.,-,#t m.__ter, i _] s.

C arl [::,e

the dr i I ]

L_C,Od # ,_-,r

the r o tar ::, -F_, e r c u.- - i ,..,e

pure r-otarT,. ! ri a "e'- -

7, T t a. n u m i _ u _ze ,_-t 4: c, r t h e d r i I t _ t err,, a n d

....... ' _ C' Ia C4 hl-,,.,._,-__u.:._ t i._= 1 i:_41-;f an,u e: ._-_eF,f i,:,n-_ _..- .. _ ,

s.t r. ij,- tL,: e'F

4, TC, _:r e.E.er L_: .3 #-,_ f fpr ,-r,r-p c..:_rriFE ! ;- ` --, .-C_FP L,.BF r _ ] i : tr:# -,

T h e r. e rn o ,., .). ! o 4: ,2 c, r _ -=a m p. ] e .__r, d, u - : n <_a,_3= .5 r e - :, r, e
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_,utorr, at ic._l ly. Robot arm.

5. To a,,.,oid the co,rap1 c._ti,:,r, c,_ _e_1 in9 the dr.i } ] __tern_ or, e

cont inuc, u- dr-i ] ] _tem s u_ed.

e,. A [:,C: .--.Y'r,chr. or, ou.=. motet, is u_:ed _:of the dr i,...,eng s:.-terr..

The motor i s cool ed b.." r. adi.__t ior_ to the -_.p_ce b::.. _ radi._t n,Z_

1_jn,

7. A h:..draul ic pump pr.o,.,ide.- the pc, t..,.,er Ec,r the conr_ect .:,r_

e.n,: di-_=c,:,nr_ection o_: the dr i,..,ir_ 9 (,._heel to the dr-i] ] stem.

F'o_.:._er. than magnet ic __:.,_=tem, an a] tern_t ire _sferr,. :_:::..-.=-terrr

i _.,e2. rhor e



LUBRICATION

For the conditions of the lunar surface a solid lubricant was the best

choice for lubrication for a variety of reasons. First of all they are stable

at extreme temperatures and in chemically reactive environments. They can be

used in places where ther's a lot of dust and dirt.

Between graphite and molybdenum disulfide, molybdenum was chosen because

of its good properties. Graphite depends on an absorbed film of moisture

(condensed on the surface of the material) for its lubricating action. If an

absorbed film od moisture is not present, graphite acts as an abrasive which

made it inapplicable on the moon. Molybdenum disulfide does not depend on any

type of moisture film and oxidizes at a temperature of 800F or 426C which is

way above our needs.

The molybdenum disulfide is applied in two manners. The first is air-

cured resin-bonded solid lubricants. For this procedure the lubricating

pigment is molybdenum in powdered form. The resin is the binder and serves

only as a means of improving adhesion of the powder to the surface to be

lubricated. The resin and molybdenum are mixed together then applied to the sur

surface where it is air cured. The other is heat-cured resin bonded solid

lubricants. The mixture contains 90% molybdenum and 10% resin. The binding

will usually require a bake temperature of one hour at 300-400F.
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Fig B3.1

• (right) Transverse rupture

stress of typical WC/Co grades;

variation with cobalt content.
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Table XLII

Comparison of TaC-Free with TaC-Containing WGTIC,-_ MateriaLt

Transverse-rupture
Composition, % Hardness, strength,

TaC-NbC WC Co R_ psi

0 53 6.5 92.5 113,600-127,800

5 50.5 6.5 91.5 134,900-I 49, 100

0 72 7.5 91.5 163,300-I 77,500

5 69.5 7.5 91 184,600-198.800

0 76.5 8.5 90 184,600-205,900

4 74.5 8.5 90.5 220,100-234.300

0 83.5 9 89 213,000--227,200

5 81 9 __._._._..._q r, 24R 4nn-_6_
0 86.5 6.5 91 184,600-t98,800

6 83.5 6.5 91 213,000-241,400
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From genera] r.e.=.earch and k:no_.,.,ledge the t i-_-t c,f

mater, ia] _= t,,,a-_= nar.r.o_.,.,ed down to rr_agne=-.ium .__] ]o:;'-=_,

a] ]o/2, I:::,er'::.'] ] iurr, a] ]o;vs, and ceramics.

Hagnesium, with a density ¢,f 1.8r_4 g/¢¢ ¢m and a

ter, si le st r. engt I'_ of 50,000 lb/in slq, has an

u] t imate

e ::..:ce I ] erJ t

strength to weight ratio• Hagnesiurn also has a r-e] at i,..,] >-

high me]ting point of 70[4 degress celsius• Thi__ material wa.-.

not chosen mainly because it defor.ms and loses __tr-ength at

terr, per-atures he]o_..,.._ 225 C.

Titaniurr, has exce]]ent .=-tength (ultimate tensi]e str. ength

c,f 1414,000 ]l:,/sq in), a vet.>. high rne]ting point c,f l&,_z,O C and

g,-,od corrosion re__istance. Titanium t.,.,a.-, not chosen for the

structure due to it._--, strer, gth to weight r.atio but wa_: chosen

for. the dr-i 11 I:,ecause of

Bet.::,'! 1 iurn (den.= i t::, . ot:

-trer, gth tc, ,..,._ei gh t ret

ff] e ::, 0 E_ "3. rJ ._. ] C r :r _ t a ] _/,, _ t e _1 ._ rJ d

r e a ---C'F. i t L'..I ..__ n c, t c h o 2 e r,.

C:er..._.rr_ics, v.._i th densi tie=_ as

t.s ,:,ther e.:.::ce] lent l:,r,:,per tie.=..

O, E',er::,"i 1 i um

"E. '; e F ::,"

ha=_ at. e: Cell lent

b _ r t t ] e Fr, r t .....

str. engft-s a.= h gh as 4:,_,,060 ]1'- ..... [_ I_.'_ _ _1_ " ' e ,-l,-grrle of the 5e.:'-

-_=tr. er_,__th to _..,..,eght r. at it,=- .__.,.;_i ].._ble. C:erarr, ic.= ret_ _r; tP, e _ r

s fr._r, Qth af f_rng, era lure ,-,-I: .T'_-,IF1A d_qr_-.=.= ,- _ ] '-- t Ia'- ._r, 4,_, r_=,,_ Q_-,.-,.-
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cor-nos, ion resistar, t p,roper, t ie.-. C:eramic--- u._er-e not chc,._er,

hecau-e the. ar-e difficult to pr.,-,duce in ,:omplex shape'_ = , a.re

,...,er> I-,.__.r.d to r. ep,.._.ir once br-oken and _r.e br i ttle.

ALTERr.IATIUE STRLIC:TURES

The first design considered of the lunar dr. ill was.

rotor>' t>'Iz,e, This. is. the simplest t.,..,a::."to drill because

requir, e.=. l ittle mc,r.e th_an a motor. _..,._th legs., The design,

t he

it

i I 1 istrated ir,

rnotoP and guiding

thr. ee s.ec t ions.,

supporting

adju.=.t ing

f igur. e Ble -Blg,

r ig. The gu din 9

a center hous rig,

end s.ect ions. The dr i ] l

the le_o_ = or r. ot.__.t ing the

s. di,..,ided into tt.,._o parts;

r.i g i s. s.ubdi v i tied into

t.,.dni ch can rotate, and t_..,_o

can be airned _'::r e i ther

center, hou-=- i rig, ProZl era.-

encountered u,:i th

"_=! 2.__b] e oo_,._riL,.mBr d

.2i -;-k : Cu] t::,' t.'!i th

Th e

dr '.., I r_,_

E;lh-Ell j ,

an,_ -For-ce

th r e .s<d e d

thi s des i gn are, ther. e u,_=_= no _,.*._:,. tc e:.:er, t a

for,:e, best get;era, ted L,, the dr ! ', , _r,,-

get t i FI_Q core samp,] e. =_ out of the _','Z,] e ,

ne:.::t des _,__n c,:,ns, iderect ir, cc, r pc, rated a tuJc: u.mee]

s::,s tern. The t_.,.,:, 1 ar. ge ,..,._hee1 s , a .= sho,....,n i n f i ,_u: e

u.._c,uld dr i,..,e the dr.i]l up,, ch.__.r, ge r. otor ing dlr-ect c:

the drill a,:,,.,.m. The nr-iI 1 b..,r-_,Uld ha,.,e a he] _,_-e:

dr-i ] 1 L, t -c: th_.t at the p,oi nt of irr, p._c t t t ,..,_o,J! ,-
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tur. n. Th __ _.,.._ould give us a r-otc, r:.'-percu__.sion type c,f dr i ]

_..,,ihici-, i-_- much cooler than r. otor.>, dr ] ].:. The dr-i 1 1 could _,_.

aimed once again I::,::..' either ad..iu__t nL_ the ]e,__ or. I::::,>. Pc'tat n,_

the center, o_: tl-le structure. The cnPe ,.,Jo-ld be r-etrie,..,ed b.

hr inging the dr.ill out c,f the hole .-.!c,u.._l:,.t.,.._tln the t.,._hee]c-_

r. otatin 9 the center, str. uctur, e and 'lpu'----h rig" , b>. motor, a

located in the dr. i l 1 , the cope out c,'F the dril 1 . The dr-i 1 1

wc'uld then be lowered __.loJ,,l>" back: into the hole and r. esurr, e

dPi 1 1 ing. F'rolz, lems I,.li th thi=_, design _.,._er.e that the motc, rs

would be subject to gr. eat amount--, c,_: tonque and I:,Poblern.- o4:

taking the dr.i 1 1 in and out c,f the l-,ole v..fi thout co] laspin 9

the hol e.



MARCH Ii, 191--:6

ME 411q2 A

GROUP #I

IEI METEE DF'_LL

APPENDIX D

PROGRESS REPORTS



_1E 41L--:2 A

F'_:OGI_:ESS I;:EF'ORT

t.,.l_-ek One : i,.le I-,__ a.n orL_.-_n i zat i on._ ] rneet i r,,_ and de ,: _ ,_e .-_ +_,: r ÷ :__-z _ .-__,
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.__d.._F,t__ t i c,r; ,:,# a s.:.-_=tern ,:,r, tt,_ ] uNa.r en,.., i r ohm÷ r_t .

b.lee_ Tu._c,: i..,..le di .....ide,-I into the #ol l,_-i_.,iirlq __.re__.._ o# _tu,:i:,: Lun.__r
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Progress report 3

as of Feburary 7, 1986

ME 4182a - Stoup ! - The Design of a 10-Meter Lunar Drill

1. Decision is made on the anchoring system. Three auger type

anchors that supports each leg will be used. After the anchor

is drilled into the ground it separates radially giving

enough tension to hold the structure. Its advantage is the
simplicity in structure and operation steps.

Decisions are made on the type of drilling mechanism and the

bit material. A modified version of rotary-percussive
mechanism_ which Qives core sample is chosen. Our
mecnanlsm_ wnlcn gl ves core sample Is Chosen uur

preferrence on the sole rotary mechanism is desserted due to

the fact that no material is found to have appropriate
combination of strength and thermal resistence for the bit.
The research on the ceremic materials for drill bit showed

that the ceremic materials have relatively low hardness and

low heat conductivity. Thus even ceremic material is not

appropriate for dry rotary drilling. Leaving the possibility
of using rotary mechanism_ only rotary-percussive mechanism

is possible. For an effective drilling on soft material_ the

system should have the feature of rotary type drill as well
as rotary-percussive. Also for the bit material a carbide is
chosen.

For the drive system we have narrowed down to two typesl

electromagnetic driven and the pressurized gas driven. The

sole use of electric motor seems to give many disadvantagest
including short life expectancy.

4. We are currently working on the following areas i

a. Decision on the drive system

b. Design of the power transmission system

c. Design of the bit shape

d. Lubrication and sealings
e. Motor specifications

f. Research on sensoring systems

g. Research on the heat and strength
carbides

characteristics of
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A ten meter lunar drill mnd its design

f

.5 _ 7 _emA_ oosen z will _o_zi._t cf- _ new J_ln_ sys ÷ _h . _ _ _

two "wheels" which will drive the drill uL an_ dow_.

in the drill bit_a helix configuration will turn the

the drill as it is driven downwarls, in this way we

will still have a rotory-percussion system with as

little machinery down the hole as possible.

- The base of the drill will be divided into three parts.

The center piece will be able to rotate in able to

_drill at an angle into the lunar surface.

- The changed anchoring system will now consist of a

small drill located inside each supporting leg. These

drills will drive into the surface and then expand,

holding the drill and providing a strong support.

- The coring system will take core samples every five

feet. An auger system will take core bits and place

them on top of the core. When the five foot mark is

reached, the drill will pull out of the ground and

deposit the core in a holding tray. _he drill will then

go back down the hole and continue drilling for another

five feet.
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February 24, 1986

ME 4182A - Group I - _ j I_ lO-Meter Lunar Drill

The function of the core barrel and auger system was looked into

more carefully. It was decided that instead of placing the chips

directly on top of the core itself, the chips would be placed on

top of the inner barrel main section. The reason for this is that

it would be more difficult to place and have an auger system

workin_ efficiently without disturbing the core sample. In other

words the spacing between the core and auger system would present

a major problem. The core barrel would have to be modified to

allow approximately 4ft of chips to be stored on top of the inner
barrel main section.

An idea for rotating the drill shaft on the upstroke without

rotating the inner barrel main section was conceived. This idea

is very simple. Since for the percussive part of our drill we'll

have a set of wheels to propel the shaft straight down and

disengaging a second or two before impact, we'll also have for the

rotary part a set of wheels placed at an angle which will rotate

and at the same time raise the drill shaft. While the drill is

rotating this will provide the cutting action of the drill for a

Rood second.
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r-.l_n-::_->_jr, 1 ?"_--:._,

[.,.:e h._,.,e been t.,,,3r k:i r,Q c,n the mech._ni --.rn tc_ er, ga,_ae ari_-_ d i -- _ r,,_._,_e

the _..,.._l'tee]._=.4:r,_-,m tl-,e dr.i,..,e sl-___4:t. The I:,OS=-.ib 1 it:.- c,4 u.-ing a. hy,:_ro ic
=./-_=.tern i _= b,ein,_ ]ooked into r,c,_.,,. Thi.- _...._=terr. _.eerr,,-- to pro_.,ide

=_u_:+icient r,c, rrna] +orce ar,,-t ._.t s. _!:,ee:_ _ th._t _ = needed 4:,-,r thi-
app] ication.

i r, c h e .- .

gear. bo>::.

T,_ .,heel._=. _..,._iI ] spit, ._m.t 2E16 r-pro .__.r,d h.__.,..,e a diameter o4: r, ne

Ther-e wi 11 be t_.,..,o rr,c, tor._=, one dr i,...,ir, g e.__.ch L.,..d-,ee] throu,_ah ._:

Dus. t r. erno,...,al t:._i t 1 be ta.ken care o+ through tl',e cor. e remo,...,.__.t

=_irate the L.,..,eight o+ the cutting.-L,.pi]] r_ot !l::,r.o,..,e to ir, ter.+er, t.,._ith t_e

dr.i ] ] oper. at ion. The cor. e t:.._i ] ] l::,e r. emo,...,ed +r. orr, the top, o_: the =_.h__.+t
b:... the u._=.e c,f at, autornatited _.,._inch and r. ol:,otic ar-m a_.-_.emb]>. There

_.,._i]] be a tc, ta] o+ 7 cor. e bar.r.e]__, and the cc, r. es wl]] t-,e como,..,ed b>. the
a_.tror, aut-_= _.t ther. e ]ur, ar. ba=_.e. The cor. e I:,_rr. ele ,..,..,i] I ther, be

r.e+ur-I-,a.=-.Iqed and put hack: into u=_e.

b.te are r, ou.._ _.,.._ork:ir_g or, t,he !.,.:r i tt in,_ o+ the rel:,or t and the
dr-a,..,._ing-=-, that wil 1 I-,e r. equir, e:-I.
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